INTRODUCTION
Genetic algorithm (GA) is proven to be a useful technique in solving optimization problems in engineering. Fixture design has a large solution space and requires a search tool to find the best design. 
OPTIMIZATION USING GA
The workpiece-fixture configuration for the end milling operation described in Figure 3 .2 of Chapter 3 is considered as a case study to illustrate the GA based fixture layout optimization method.
Some random values from the ranges of design variables are considered and 30 sets of initial population are generated as shown in Table 7 .1.
A MATLAB program has been written to execute GA for this fixture layout optimization problem. The values of GA parameters such as crossover probability, mutation probability and the number of iterations have been varied and better GA parameters are selected for lesser amount of moment values. The selected GA parameters are given as, Number of iterations (N max ): 150 Population size (P s ) : 30
Crossover probability (P c ) : 60% Mutation probability (P m ): 4% The balanced moment ensures better placement of fixture elements and provides better constraints over the workpiece to avoid deformation.
Hence, the minimization of moment is taken as the objective. Nine sets of moment equations are formulated to obtain the moment values at locators and clamps. These equations are framed with the basic rule that the moment equals the force applied, multiplied by the distance from which it is applied. The following Equations from (7.1) to (7.9) are given as objective function to the MATLAB program and the new set of layouts are obtained by crossover and mutation and the corresponding moment values are found. Table 7 .2. Figure 7 .4(i).
Based on the graphical results, the optimum fixture layout by GA is finetuned to the new fixture layout which is given in Table 7 .4. The refined optimum layout gives 0.042259 mm of workpiece deformation which is shown in Figure 7 .5 and it has 9.8% less deformation compared to earlier GA based optimum layout.
METHODOLOGY OF FIXTURE LAYOUT OPTIMIZATION USING GA-ANN
The performances of ANN and GA are nearly equal in this fixture layout optimization problem. To get better results, the GA-ANN approach has been introduced in the fixture layout optimization problem.
In GA-ANN based optimization procedure, new fixture layouts generated by GA using the variable bounds are fed as input to ANN and the maximum deformation of the each fixture layout is found by ANN.
Previously, ANN is trained and tested with sufficient sets of fixture layouts and corresponding workpiece deformations. The optimal fixture layout is the one which shows the minimum deformation among others. The results obtained by using GA and GA-ANN are compared and the final optimum layout is selected. Figure 7 .6 shows the methodology flow chart for the GA-ANN based optimization.
ILLUSTRATION OF FIXTURE LAYOUT OPTIMIZATION USING GA AND ANN
In this section, ANN is introduced as another optimization tool along with GA and the results obtained by GA-ANN are compared with the results obtained by GA to know which particular methodology is best suited for fixture layout optimization problems. The same workpiecefixture configuration for the end milling operation described in Figure 3 .2 of Chapter 3 is considered for the fixture layout optimization problem using GA-ANN. by GA are given as input to ANN and the maximum workpiece deformation for each fixture layout is found out by using ANN. Finally, the layout which shows the minimum deformation has been selected as optimal fixture layout.
Optimum Layout and Minimum Deformation by GA-ANN
Better fixture layouts given by GA and corresponding workpiece deformation values predicted by ANN are given in Table 7 .5. Among the five layouts, the one which shows minimum deformation is selected as optimal layout, shown in Table 7 .6.
The workpiece deformation value for the optimum layout predicted by ANN is 0.0412 mm and for the same layout workpiece deformation found by ANSYS is 0.043176 mm and is shown Figure 7 .7.
in deformation compared to deformation of optimum layout by GA and 2.12% reduction in deformation compared to deformation of optimum layout by ANN-DOE. This shows that the GA-ANN based optimization is superior to the GA based and ANN-DOE based optimization methods. Table 7 .7 presents the refined optimum fixture layout and corresponding workpiece deformation for the layout by ANSYS is shown in Figure 7 .9. The refined GA-ANN based optimum layout reduces 2.8%
of workpiece deformation compared with the deformation of the prior optimized layout and it gives 0.65% reduction in deformation compared to deformation of finetuned optimum layout by GA. In the GA-ANN based optimization procedure, first the ANN is trained with sufficient sets of fixture layouts and corresponding workpiece deformations by FEM. After the testing process, the resulting fixture layouts generated by GA are given as input to ANN and the maximum workpiece deformation for each fixture layout is found out by using ANN. The fixture layout which shows the minimum deformation among others is the optimal one. The predicted workpiece deformation for optimum layout by ANN is verified by comparing it with the result of FEA, which shows a reasonable agreement. By comparing the results obtained by GA and the GA-ANN, the optimal fixture layout obtained by the GA-ANN gives 7.86% reduction in workpiece deformation than the layout obtained by GA. Compared to deformation of optimum layout by ANN-DOE, 2.12% reduction in deformation is achieved by the optimal fixture layout given by the GA-ANN. This shows the GA-ANN based optimization is superior to the GA based and ANN-DOE based optimization methods.
